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MULTIAXIAIi CONNECTION FOR OSTEOSYNTHESIS 

The present invention relates to a multiaxial 
connection osteosynthesis system, in particular for the 
5 spine . 

In the context of surgery to the vertebral column, 
for example, and in particular using a posterior approach 
route, the surgeon is often confronted with the problems of 
misalignment of the anchor members and interference between 

10 anchor members on two adjacent vertebrae. This problem 
increases the operating time or prevents the surgeon from 
carrying out the desired procedure under the best possible 
conditions. The cause of this problem is that the coupling 
member between the member connecting the various vertebrae 

15 together and the anchor member implanted in the vertebra is 
rigidly connected to the anchor member. 

Document WO 97/02786 discloses a multiaxial 
connection between the members. The anchor member has a 
hemispherical head. The coupling member includes, in 

20 addition to means for receiving the member connecting the 
various vertebrae together, a split chamber in its bottom 
part adapted to receive the hemispherical head. The 
external surface of the coupling meiuber includes a cone 
that is flared toward the bottom end. A clamping collar 

25 can be threaded over the top portion of the coupling member 
to bear on the conical portion. Before tightening, the 
coupling member is free to rotate relative to the anchor 
member. Locking in position is effected when tightening 
the member connecting the vertebrae together, which bears 

3 0 on the clamping collar, which at the same time closes the 
receiving chamber on the hemispherical head of the anchor 
member. 

The complexity of the positional locking mechanism, 
because of its large nxHnber of components, obliges the 
35 surgeon to carry out supplementary manipulations, and 
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consequently increases the operating time. 

An object of the invention is to provide a 
multiaxial connecting device that is simple to use and 
requires only a small number of operations to fit it. 
5 To achieve this object, the present invention 

provides a multiaxial connection osteosynthesis system, in 
particular for the spine, including a bone anchor member 
having a head, a connecting member, a connector having a 
first deformable housing adapted to receive the head and a 
10 second housing adapted to receive the connecting member, 
the system including clamping means for clamping the 
^ connecting member in the second housing. The connector is 

3 arranged so that, when the clamping means load the 

7J connecting member in the second housing, the connecting 

^ 15 member loads the connectors directly to deform the first 
y housing and immobilize the head therein. 

Thus the first deformable housing is closed onto 
the head. This reduces the number of components and 
? therefore simplifies the use of the device. 

U 20 The first housing advantageously includes a chamber 

E with a concave surface. 

y The concave surface chamber is advantageously 

complementary to all or part of the convex surface of the 
head. 

25 The first housing advantageously includes a cavity 

adapted to receive part of the head. 

The connector advantageously includes a slot in the 
first housing. 

Thus the first housing can have a more pronounced 
3 0 elastic def ormability while inserting the head and while 
locking of the device in position. 

The head advantageously has a spherical part. 
The first housing advantageously has a U-shaped 
opening having an axis and two branches at a distance from 
3 5 and facing each other. 
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The slot is advantageously perpendicular to the 
axis of the U-shaped opening. 

The branches of the U-shaped opening advantageously 
have a screwthread. 

The clamping means advantageously include a locking 
member adapted to engage between the branches of the 
U-shaped opening. 

The clamping means advantageously include a flange 
adapted to fit around the branches of the U-shaped opening. 

Accordingly, when clamping the nut, the flange 
prevents spreading of the branches of the U-shaped opening. 

The screwthread advantageously has a face 
substantially perpendicular to the axis of the thread and 
oriented in a penetration direction of the clamping means 
on the connector. 

Accordingly, during clamping, the face 

substantially perpendicular to the axis of the thread of 
the locking member comes into contact with the face of the 
branches of the U-shaped opening. The reaction force 
generated in this way is substantially parallel to the axis 
of the thread and this minimizes the radial reaction force, 
which would otherwise spread apart the branches of the 
U-shaped opening. 

Other features and advantages of the invention will 
become more apparent in the course of the following 
description of three preferred embodiments, which 
description is given by way of non-limiting example. In 
the accompanying drawings : 

figure 1 is a partial perspective view of a first 

embodiment of the systems- 
figure 2 is an exploded perspective view of the 

system shown in figure 1; 

figure 3 is a view of the system in section taken 
along the line III-III in figure 1; 

figure 4 is a top perspective view of a first 
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embodiment of the connector; 

figure 5 is a bottom perspective view of the 
connector shown in figure 4; 

figure 6 is a view of the connector in section 
taken along the line VI -VI in figure 4; 
figure 6a is a diagrammatic sectional view of the 
Christmas tree thread of the connector shown in 
figure 4; 

figure 7 is a bottom perspective view of a second 
embodiment of the connector; and 

figure 8 is a bottom perspective view of a third 
embodiment of the connector. 

A first embodiment of the invention is described 
with reference to figures 1 to 6a. 

The osteosynthesis system includes at least two 
vertebral anchor members 2, connecting means 4, such as a 
rod, between the anchor members 2 and the other anchor 
members (not shown) of the osteosynthesis system, a 
connector 6 adapted to be fitted to the member 2, and a 
locking member 8 adapted to cooperate with the connector 6. 

The vertebral anchor member 2, which here takes the 
form of a bone screw, has a circular section cylindrical 
threaded body 10 carrying a bone thread (not shown) . The 
member also has a head 12 with a convex surface 14, here a 
surface of revolution whose axis coincides with the axis of 
the screw 16. The convex surface has a spherical lateral 
portion 18, a flat top portion 22 perpendicular to the axis 
of the screw, and a connecting fillet 20 between them. The 
head 12 includes means 24 for operating the screw 2, here 
in the form of a hexagonal socket 24. 

Here the locking member is generally screw-shaped 
and has a thread 2 6 adapted to cooperate with the thread 28 
on the connector 6, described hereinafter. The latter also 
includes operating means 3 0 in the form of a hexagonal 
socket 30. 
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The connector 6 provides a coupling member between 
the bone screw 2 and the connecting rod 4 . The general 
shape of the coupling member is that of a circular section 
cylinder. It has a top portion 6a for connecting it to the 
5 rod 4 and a bottom portion 6b for connecting it to the bone 
screw 2 . 

The top portion 6 a of the coupling member 6 
includes a U-shaped opening 32 which has an axis 42 and is 
delimited by two facing branches 34 at a distance from each 

10 other. The two branches 34 constitute two sectors of a 
common circular section cylinder forming the coupling 
member 6. The cylindrical external faces 36 of the 
branches 34 are coaxial and smooth. They can include 
holding means 38, for example, in the form of a notch on 

15 each of the branches 34 with a flat bottom parallel to the 
axis 42 of the U-shaped opening 32. The notches 38 are 
symmetrical mirror images of each other with respect to the 
median plane of the U-shaped opening 32. The cylindrical 
inside faces 2 8 of the branches are coaxial and threaded. 

20 Their thread is adapted to cooperate with that of the 
locking member 26. The two threads 26 and 28 are 
complementary and are referred to as "Christmas tree" 
threads. The thread 28 has a first face 80 substantially 
perpendicular to the axis of the thread, a second face 81 

25 substantially parallel to the axis of the thread delimiting 
the bottom of the thread, a third face 83 opposite the 
first face 80 and which can be inclined in the direction of 
the axis relative to the direction of the first face 80, 
and a fourth face 82 substantially parallel to the axis of 

3 0 the thread delimiting the crest of the thread. The thread 
26 is substantially complementary to the thread 28. The 
thread 26 has a first face 9 0 parallel to and complementary 
to the face 80, a second face 91 substantially parallel to 
the axis of the thread delimiting the crest of the thread, 

35 a third face 93 substantially parallel to and complementary 
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to the face 83, and a fourth face 92 substantially parallel 
to the axis of the thread delimiting the bottom of the 
thread. During clamping, the face 90 of the thread 2 8 
comes into contact with the face 80 of the thread 26, The 
reaction force Fr generated in this way has a normal 
component Fn parallel to the axis of the threads and a 
transverse component Fs in the radial direction. The 
transverse component Fs could cause the branches 34 to 
spread during tightening of the locking member 8, but the 
particular shape of the threads 26, 28 previously referred 
to reduces the transverse component Fs and therefore 
reduces the spreading of the branches 34 during clamping. 

In a plane perpendicular to the axis 42, the bottom 
40 of the U-shaped opening is semicircular to receive the 
connecting rod 4, with a diameter equivalent to that of the 
connecting rod 4. On the other hand, the bottom 40 has a 
concavity in the median plane of the U-shaped opening 32 
with a center of curvature situated on the same side as the 
portion 6a of the connector 6. Finally, the bottom 40 has 
ends 44 parallel to the axis 42, providing a seat to 
receive the connecting rod 4. 

The bottom portion 6b of the connector 6 includes a 
housing 46 opening onto the bottom face 48 at an insertion 
orifice 50 and opening onto the bottom 40 of the U-shaped 
opening 32 at a communication orifice 52. The circular 
section insertion orifice 50 allows the head 12 of the bone 
screw 2 to be inserted into the housing 46. The housing 46 
has a part-spherical bottom chamber 54 adapted to receive 
the head 12 of the bone screw 2 . The shape of the bottom 
chamber 54 is complementary to the spherical lateral 
portion 18 of the convex surface 14 of the head 12. A slot 
56 crosses the bottom part 6b diametrally. The slot 56 is 
perpendicular to the axis 42 of the U-shaped opening 32. 
It extends downward as far as the bottom face 48 of the 
connector 6 and upward until it opens onto the bottom 40 of 
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the U-shaped opening 32 • Thus the bottom part 6b is 
divided into two subparts 58 and 60 which are symmetrical 
mirror images of each other with respect to the median 
plane of the slot 56. The slot 56 facilitates clipping the 
5 head 12 into the coupling member 6 by facilitating 
deformation of the receiving space 46. 

Prior to the procedure, each connector 6 is 
premounted by clipping it onto the head 12 of the bone 
screw 2. The bone screw is implanted in the patient using 
10 an instrument inserted into the operating means 24 via the 
communication orifice 52. When the screw 2 has been 
implanted, the connector 6 is free to rotate relative to 
the screw 2 . The connector and the screw are connected 
13 together by a ball-and-socket connection formed by the head 

^2 15 12 and the bottom chamber 54, The rod 4 is fitted into the 
III U-shaped opening 32 so that it rests on the ends 44 of the 

!^! bottom 40. The locking member 8 is then engaged between 

, the branches 34 of the opening 32 with the threads 2 6 and 

Q 2 8 interengaged with each other. The locking member 8 is 

20 then pressed against the rod 4 and the surgeon tightens the 
locking member 8 . The locking member 8 bears on the rod 4 . 
If, The rod 4 bears on the ends 44 of the bottom 40, which is 

then deformed because of the presence of the slot 56 
peirpendicular to the axis 42 of the opening 32, which is 
25 closed up as the two subparts 58 and 60 move toward each 
other. Consequently, the receiving space 46 and the 
chamber 54 are closed up onto the head 12 of the bone screw 
2, locking the assembly in position, rigidly immobilizing 
the connector on the head of the bone screw. 
30 In the second embodiment, shown in figure 7, the 

modifications relative to the first embodiment relate to 
the bottom part of the connector 106. The housing 146 no 
longer includes a spherical chamber, but is in the shape of 
a circular cylinder with two flats 102 and 104. The radius 
35 of the circular portion 108 can be equivalent to the radius 
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of the head 12 of the bone screw 2 . The two flats 102 and 
104 are parallel to the slot 56. A circular section hole 
110 perpendicular to the flats 102 and 104 passes 
completely and diametrally through the bottom part in the 
area of the flats and perpendicularly thereto. The 
diameter of the hole 110 is substantially equivalent to the 
width of tjae flats 102 and 104. 

When the connector 106 is clipped to the head 12 of 
the bone screw 2, the head 12 locates in the holes 110, 
leaving free the ball-and-socket connection formed in this 
way. 

The use of this embodiment is identical to that of 
the first embodiment during clamping, the deformation of 
the receiving space 146 by the movement toward each other 
of the two subparts 158 and 160 obliging the two flats 102 
and 104 to move toward each other, thereby immobilizing the 
head 12 of the bone screw 2 in the holes 110. 

In the third embodiment, shown in figure 8, the 
modifications relative to the previous embodiment relate to 
the bottom part of the connector 206. The housing 246 and 
the slot 256 are coincident, the slot 256 being the same 
width as the housing 246. The width L of the slot 256 is 
less than the diameter of the head 12 of the bone screw 2 . 
As in the preceding embodiment, a circular section hole 210 
passes completely through the bottom part of the connector 
206 in the area of the flats and perpendicularly thereto, 
diametrally and perpendicularly to the walls of the slot 
256. The diameter of the hole 210 is less than that of the 
spherical part 18 of the convex surface 14 of the head 12. 

The clipping is effected in the same manner: the 
head 12 is accommodated in the holes 210, leaving free the 
ball-and-socket connection formed in this way. 

The use of this embodiment is identical to that of 
the second embodiment. The locking in position is similar. 

Of course, many modifications can be made to the 
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invention without departing from the scope of the 
invention. 

The anchor mextibers can be hooks. The clamping 
means can include a ring or a flange adapted to be threaded 
over the branches of the U-shaped opening instead of or in 
addition to the locking member. In the latter case, the 
flange or ring can be connected to the locking member. 

The thread cooperating with that of the branches 
can be on the flank, the branches being threaded on their 
outside face. 
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CLAIMS 

1. A multiaxial connection osteosynthesis system, 
in particular for the spine, including a bone anchor member 
5 (2) having a head (12), a connecting member (4), a 
connector (6; 106; 206) having a first deformable housing 
(46; 146; 246) adapted to receive the head and a second 
housing (32) adapted to receive the connecting member, the 
system including clamping means (8) for clamping the 
10 connecting member in the second housing, characterized in 
that the connector is arranged so that, when the clamping 
means load the connecting member in the second housing, the 
connecting member loads the connectors directly to deform 

13 the first housing and immobilize the head therein. 

! I 

15 2 . A system according to claim 1 characterized in 

III that the first housing includes a chamber (54) with a 

•^5 concave surface. 

3 . A system according to claim 1 or claim 2 
Q characterized in that the first housing includes a cavity 
JLfi 20 (110; 210) adapted to receive part of the head (12). 

4. A system according to any of claims 1 to 3 
!r! characterized in that the head has a spherical part (18) . 

5. A system according to any of claims 1 to 4 
characterized in that the connector includes a slot (56; 

25 256) in the first housing. 

6. A system according to any of claims 1 to 5 
characterized in that the first housing has a U-shaped 
opening having an axis (42) and two branches (34) at a 
distance from and facing each other. 

30 7. A system according to claims 5 and 6 

characterized in that the slot is perpendicular to the axis 
(42) of the U-shaped opening. 

8. A system according to claim 6 or claim 7 
characterized in that the clamping means include a locking 

3 5 member (8) adapted to engage between the branches of the 
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U-shaped opening. 

9. A system according to any of claims 6 to 8 
characterized in that the clamping means include a flange 
adapted to fit around the branches of the U-shaped opening. 

10. A system according to any of claims 6 to 9 
characterized in that the branches (34) of the U-shaped 
opening have a screwthread (28) . 

11. A system according to claim 10 characterized 
in that the screwthread (26, 28) has a face (80) 
substantially perpendicular to the axis of the thread and 
oriented in a penetration direction of the clamping means 
on the connector. 
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(57) Abstract: The invention concecns 
a multiaxial osteosynthesis system in 
particular for the spine, comprising a 
bone anchoring element (2) comprising a 
head, a coupling element (4), a connector 
(6) having a first deformable housing for 
receiving the head and a second housing 
for receiving the coupling element, the 
system comprising means for clamping 
(S) the coupling element in the second 
housing, die connector being airanged 
such that, when the clampii^ means 
urges die coupling element into the second 
housing, the coupling element directly 
urges the connector to deform the first 
housing and lock die bead therein. 

(57) Abrege: Le systeme d'ost^syndi^se 
a liaison poly-axiale notamment poin: le 
rachis, comprend un element d'ancrage 
osseux (2) comportant une t^te, un element 
de liaison (4), un connecteur (6) pr€sentant 
un premier logement deformable pour 
cecevoir la tete et un deuxieme logement 
pour recevoir F^^ent de liaison» 
le systeme conqvenant un moyen cte 
serrage (8) de Foment de liaison dans le 
deuxieme logement, le connecteur etant 
agence de sorte que, lorsque le moyen de 
serrage solHcite Telement de liaison dans 

le deuxieme logement, Telement de liaison solHcite directement le connecteur pour deformer le premier logement et y bloquer la 
tSte. 
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FIG.6 FIG. 6a 
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I hereby state that I have reviewed and understand the contents of the above-identified specification, including the claims, as amended by any 
amendment specifically referred to above. 

I acknowledge the duty to disclose information which is material to patentability as defined in Title 37, Code of Federal Regulations, § 1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, § U9(a)-(d) of any foreign ^plication(s) for patent or inventor's 
certificate, or § 365(a) of any PCT international application which designated at least one country other than the United States of America, listed 
below and have also identified below any foreign application for patent or inventor's certificate, or any PCT international s^lication having a 
filing date before that of the application on which priority is claimed: 


FRIOR FOREIGN APPLICATION(S) 

COUNTRY 

APPLICATION NUMBER 

DATE OF FILING 
(month, day, year) 

PRIORITY CLAIMED 

FRANCE 

99/09524 

JULY 22, 1999 

YESE NOn 




YEsn Non 




YEsn Non 

tlSTING OF FOREIGN APPLICATIONS CONTINUED ON PAGE 3 HEREOF □ YES @ NO 


Irs 

I hl^by claim Ae benefit under Title 35, United States Code, § 1 19(e) of any United States provisional ^plication(s) listed below: 


I^J Application Number. Filing Date: 

i«s: Application Number: Filing Date: 

I hiSby claim the benefit imder Title 35, United States Code, §120 of any United States aR>lication{s), or § 365(c) of any PCT international 
apjJlMation designating the United States of America, listed below and, insofar as the subject matter of each of the claims of this plication is 
notr&closed in the prior United States or PCT international application in the manner provided by the first paragraph of Title 35, United States 
Cod§ § 112, I acknowledge the duty to disclose information which is material to patentability as defined in Title 37, Code of Federal 
Reg^ations, § 1.56 which became available between the filing date of die prior application and die national or PCT international filing date of 
this'a^plication: 


U.S. Parent Application Serial Number: Parent Filing Date: Parent Patent No.: 

U.S. Parent Application Serial Number: Parent Filing Date: Parent Patent No.: 

PCT Parent Number Parent Filing Date: 

LISTING OF US APPLICATIONS CONTINUED ON PAGE 3 HEREOF: nVES gNO 
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POWER OF ATTORNEY: As a named inventor, I hereby appoint the following registered practitioner(s) to prosecute diis application and to 
_tr^sact all business in the Patent and Trademaik Office connected therewidi. 


La%vrence I. Lemer, Reg. N o. 19.j51 6: Sidney Davfd. Reg. N o. 22.768: J oseph S. Littenberg. Reg. No. 20.832; AmoW H. Kaimholz. Reg. Nq..2§.42B; William L MenUik. Reg. HoM^m John R. 
Nelson. Reg. UQji&£l?: Roy H. Wepner. Reg. No> 28,350 : Stephen B. Goidman, Reg. No. 28.512 : Paul H. Kochanskr, Reg. No. 29.660 ; Marcos J. Miltet, Reg. NQjgbfl; Bnioe H. Sales. Reg. 
No 32>93: Daniel H. Bobis. Reg. Nq^JS^Si^ Keith E. Gilman, Reg. N g. 32.137-, R nbt»rt 8. Cohen. Reg. No. 32.768; Arnold B. Dompieri, Reg. No . 29.736 ; Michael H. Tesdiner. Reg. Nojg^a; 
Gregory S. Gewirtz. Reg. N^jasjSZi: Jonathan A. David. Reg. N o. 36,49 4. Shawn P. Foley. Reg. N o. 33^ : John P. Maldjian. Reg. No*-41.a§7;T^kxnas M. Palisi, Reg. NcuaSJ29; Kiroberty V. 
Flugger, Reg. No. 43.612; Jason I Gartjell. Reg. No. 44.116: R enee M. Robeson. Reg. No. 41.777: Ravmona'W. AugusUn, Reg. No. 28.588 : Harvey L. Cohen, Reg. No,;2a.2^ Michael J. Wallace, 
Jr.. Reg. No. 44.486; Michael J. Poherty. Reg. Nagg,592: Robert J. Scheffel. Reg. No. 43.09q^Jefffey S. Dickey, Reg. No. 35,858. 


SEND CORRESPONDENCE TO: \ 
LERNER, DAVID, LITTENBERG, \ 
KRUMHOLZ & MENTLIK, LLP 
600 South Avenue West 
Westfield, New Jersey 07090 


DIRECT TELEPHONE CALLS TO: 

(name and telephone number) 

(908)654-5000 Fax: (908)654-7866 
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DECLARATION - Page 2 

ATTORNEY DOCKET SKfNE-400 


I hereby declare that all statements made herein of my own knowledge are true and that ail statements made on information and belief are 
" believed to be true; and further, that these statements were made with the knowledge that willful false statements and the like so made are 
"punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued thereon. 
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y <r VtuU name of sole or first invents)i>®?5ii name, ff^rrwl^Y nnmf )• CT^ r i s t ianBACCELLI 



Inventor's signature 

Residence: AYGUEKORTE LES GRA^ 


Date March 4, 2002 


FRANCE 


Citizenship: 


French 


Post Office Address: 35 aveime da General de Gaulle, 33640 Ayguemorte les Graves > France 

Full name of second joint inventor, if any (given name, family nanag): Frederic CONChic 


Second Inventor's signature 


Residence: SAINT MEDARD D' 



jjj^^^j March 4, 2002 


Citizenship: 


French 


Post Office Address: 4 chemin des Bonvreulls> 33650 Saint Medard d'Eyrans, France 

Full name of third joint inventor, if any (given name, fsapiiy n^nej ^abxen GAUi;riiiT\^ 

Third Inventor's signature ji^y(^3[C^i^ Date March 4, 2002 


lEesidence: DUVyX FRANCE ^ 


_ Citizenship: 


French 


l§hst Office Address: La Montagne Blariche, Route de Rocquemont» 60800 Duvy , France 

\ llJill name of fourth joint inventor, if anyj 


!%>urth Inventor's signature 
ifesidenc£i -^ESTAs\ ¥K 


Igpst Office Address: 



n^e, f amily name). Regi :»-L£-~CQUEDIC 


OUOU\J 


Oate March 4, 2002 


Citizenship: French 


Lou Sanlie, 33610 CESTAS, FRANCE 


^ ' JE^ll name of fiftii joint inventor, if any 


&th 


Inventor*s signatu 


^idence; — BQBBEAUXX FRANCE 



>femilv name^: Denis PASQDET 


Date March 4, 2002 


_ Citizenship: ^^^^^ 


Sst Office Address: 41 rue Malleret, 33000 BORDEAUX, FRANCE 


\0' 


Mil name of sixth joint inventor, if any (given name, family nameV Pier re, He nri SAINT MARTIN 
Sixth Inventor's signatiu-e rX !^^ ' Date March 4, 2002 



PESSAi 


CE 


Citizenship: 


Residence: 

Post Office AddressT ^Isldence "les Jardlns de Bellegraves" , Appartement 11, 
1^ 85 avenue Roger Cohfe, 33600 PESSAC, FRANCE 

^\ Full name of seventh joint inventor, if any (given name, family name): Mlchele TURNER-DOMERGUE 


French 


Seventh Inventor's signa|ure ^^^^^g-^^^-^^-^K 


Residenc y PESSAC ,\ FRANCE 


Date March 4, 2002 


Post Office Address. 24, rue Cheverny, 33600 PESSAC, FRANCE 

t5 ,0b 


Citizenship: French 


^ Full name of eighth joint inventor, if any (given name, family name): Ceclle VIENNKY 


Eighth Inventor's signature 


Residence: BQRnF.AnXJt FRAWCR 


tare 


jj^jg March 4, 2002 


Post Office Address: 208 rue Emlle Combes, 33000 BORDEAUX, FRANCE 


Citizenship: French 
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